
 

PROPOSAL AS DIRECTOR OF STUDIES &  
RESEARCH PROJECT 

MO-PHDMM-1 

Rev. 06 del 04/03/2022 

Page 4 di 7 

 
PROJECT 2 (optional) 

DoS: Vania Broccoli 

Title: Integrated multi-omic analysis of patient iPSC-derived neurons to identify genomic variants 
responsible for different forms of epileptic diseases. 

Curriculum: Neuroscience and Experimental Neurology 

Link to OSR/UniSR personal 
page:  

https://research.hsr.it/en/divisions/neuroscience/stem-cells-and-
neurogenesis/vania-broccoli.html 

Project description (Number of characters, including spaces: 2.000 - 3.000): 

Patients within the same familial cohorts and identical Scn1a mutations can present significantly divergent 
epileptic forms. This is believed to occur for the presence of gene variants that modulate the expressivity of 
the phenotype by epistatic interaction with the Scn1a mutation. Analysis of gene variants identified only a 
handful of genes that can modulate the disease phenotype, among which Gabra2 variants have a major 
impact on the disease manifestations in different mouse strains (Hawkings et al., 2021). Therefore, variants in 
intergenic regions should be occurring that change levels of expression of candidate gene modifies. These 
changes in gene expression have not yet been identified since occur exclusively in affected human neurons 
that have been inaccessible to date. To investigate this fundamental aspect, iPSCs will be generated by 
reprogramming somatic cells of 2/3 patients from each of the 2 families selected in this study in 
collaboration with the Meyer Children Hospital in Florence. High-quality iPSC cultures will be validated for 
pluripotency, genomic integrity and differentiation potential. Next, iPSCs will be differentiated into a mixed 
culture of excitatory and inhibitory neurons. Efficiency in neuronal differentiation will be assessed with proper 
immunocytochemical analysis. After this validation, transcriptomic analysis will be carried out by RNA—seq 
on iPSC-neuronal cultures and differentially expressed genes between patients’ neurons with the same 
mutation, but different disease phenotypes, will be identified by computational analysis. Thus, differently 
expressed genes will represent possible candidate modifiers of the disease severity. Candidate genes will be, 
then, analyzed to determine their involvement in regulating Nav1.1 physiology and activity. Finally, whole-
genome sequencing will be carried out on selected patients in order to correlate sequence variants in 
regulatory regions with expression levels of the gene modifiers.   
 

Skills to be acquired by the student (Number of characters, including spaces: max 600): 

- To generate and characterize high-quality patient-specific iPSC cultures 
- To master differentiation protocols to convert iPSCs into neuronal cultures 
- To perform gene expression studies and analyze transcriptomic RNA-seq datasets  
- To validate gene variants and their targeted modification by CRISPR/Cas9 technology 
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